Abstract. The regional uncertainty of XCO 2 (column-averaged dry air mole fraction of CO 2 ) retrieved using different 14 algorithms from the Greenhouse gases Observing SATellite (GOSAT) and its attribution are still not well understood. This 15 paper investigates the regional performance of XCO 2 within a band of 37°N~ 42°N segmented into 8 cells in a grid of 5° 16 from west to east (80°E ~120°E) in China, where there are typical land surface types and geographic conditions. The former 17 include the various land covers of desert, grassland and built-up areas mixed with cropland, and the latter include 18 anthropogenic emissions that tend to be small to large from west to east, including those from the megacity of Beijing. with a high albedo and dust aerosols, moreover, demonstrates that further improvement is still necessary in such regions, 37 even though many algorithms have endeavored to minimize the effects of aerosols and albedo. 38 39
Introduction 42
The column-averaged dry air mole fraction of CO 2 (XCO 2 ) derived from satellite observations, such as the SCanning 43
Imaging Absorption spectroMeter of Atmospheric CHartographY (SCIAMACHY ) (Burrows et al., 1995; Bovensmann et al., 44 1999) , the Greenhouse gases Observing SATellite (GOSAT) (Yokoda et al., 2004) , Orbiting Carbon Observatory (OCO-2) 45 (Crisp et al., 2004) , and Chinese Carbon Satellite (TanSat) (Liu et al., 2013) , have largely improved our understanding of 46 the variation in atmospheric CO 2 concentration and carbon sources and sinks at a global and regional scale. There have been 47 several full-physics retrieval algorithms specially developed for retrieving XCO 2 from the GOSAT spectrum, mainly 48 including the NASA Atmospheric CO 2 Observations from Space (ACOS) (O'Dell et al., 2012) , the National Institute for 49
Environmental Studies (NIES) (Yoshida et al., 2013) , University of Leicester full-physics XCO 2 (OCFP) (Cogan et al., 2012) 50 and RemoTeC XCO 2 Full Physics (SRFP) (Butz et al., 2011) . Additionally, the ensemble median algorithm EMMA was put 51 forward as a combination of retrieval products from independent algorithms including ACOS, NIES, OCFP, and SRFP 52 (Reuter et al., 2013) . 53 measurements in Hefei (Wang et al., 2016) . In the analysis and application of XCO 2 data from ACOS, NIES, OCFP, SRFP 67 and EMMA, we found that unreasonably high XCO 2 was demonstrated in the Taklimakan desert in China (Bie et al., 2016; 68 Liu et al., 2015) . For this reason, we extended the scope to select a larger study period and to further assess the overall 69 performance of these five algorithms at a regional scale. 70
With the advantage of continuity in space and time, atmospheric transport model simulation of CO 2 has been widely 71 used in assessing the performance of satellite-retrieved XCO 2 (Cogan et al., 2012; Lindqvist et al., 2015; Kulawik et al., 72 2016) . As anthropogenic emission of CO 2 is the major contributor to increases of CO 2 in the atmosphere, many studies have 73 been involved in deriving estimates of anthropogenic CO 2 emissions (Oda et al., 2011; Andres et al., 2011) . It is known that 74 there exists high uncertainty in estimates of CO 2 emissions from both the burning of fossil fuel and cement production (FF 75 CO 2 emissions) throughout China (Guan et al., 2012; Liu et al., 2015) . As noted by Andrews et al. (2012) , there exist many 76 kinds of restrictions (e.g., commercial competitiveness reasons) in obtaining accurate data on sub-national (e.g., large-point-77 source or provincial) FF CO 2 emissions. Furthermore, the assumption of uniform per-capita emissions within a country has 78 also been shown to be unreliable for large countries with diversified economies and electricity-generation methods (Nassar et 79 al., 2013) . In the previous study of Keppel-Aleks (2013) , the simulated Chinese XCO 2 data was increased by a national 80 uniform ratio for the corresponding XCO 2 contributed by fossil sources to account for the underestimation in Chinese 81 emissions, in which way the spatial variability of Chinese FF emissions was not considered sufficient. 82
In this paper, we focus on a latitude band of 37°N-42°N from 80°E to 120°E in China, where there are various typical 83 land covers such as desert, including the Taklimakan desert, and grassland and built-up areas mixed with croplands, 84 including the megacity of Beijing, and there are anthropogenic emissions that trend from small amounts to large amounts 85 from west to east. In this band, the inconsistencies of XCO 2 values derived from five algorithms including ACOS V3.5, 86 NIES V02.21, OCFP 6.0, SRFP V2.3.7, and EMMA V2.1c are compared and evaluated in this paper. Moreover, a forward 87 model simulation data set from GEOS-Chem is also used for intercomparison. To improve the simulation of CO2 88 concentration, we introduced a new emission data set, the Chinese High Resolution Emission Gridded Data (CHRED), 89 which is produced by the Ministry of Environmental Protection, China (MEP) based on investigations of emitting point 90
sources from approximately 150 million enterprises throughout the country in 2012 (Wang et al., 2014; Cai et al., 2014) . 91
First, we aim to reveal the regional uncertainty of XCO 2 observed by GOSAT for the different land covers and 92 anthropogenic CO 2 emission regions through the inconsistency of five algorithms, and second, we aim to give a reasonable 93 and valuable reference for the analysis and application of XCO 2 data when using these XCO 2 data from the five algorithms. 94
Sec. 2 in this paper describes the XCO 2 retrievals data from five algorithms and the implementation of XCO 2 simulated by 95 GEOS-Chem using CHRED. Inconsistencies of XCO 2 datasets among the five algorithms are quantified and evaluated as 96 follows: pairwise comparisons of XCO 2 between algorithms and comparisons with GEOS-Chem simulations in Sec. 3. The 97 spatio-temporal patterns of XCO 2 from each algorithm are investigated using a combination of sine and cosine trigonometric 98 functions to fit monthly averaged XCO 2 from March 2010 to February 2013 in Sec. 4. Furthermore, the most likely 99 attribution-affecting factors on regional inconsistency, including aerosol and surface albedo, are described in Sec. 5. The 
XCO 2 simulations from GEOS-Chem 146
We use GEOS-Chem version 10-01 driven by GEOS-5 and the details of the main input emissions are as follows: 1) 147
Fossil fuel fluxes are taken from ODIAC version 2013. On the other hand, we also introduce the new emission data set 148 CHRED for the Chinese mainland. 2) The balanced biosphere CO2 uptake and emission fluxes are taken from the Simple 149
Biosphere Model version 3 (SiB3) [Messerschmidt et al. 2012] . 3) Biomass emissions are taken from Global Fire Emission 150
Database version 4 (GFEDv4) (Giglio et al., 2013) . 4) Ocean fluxes are taken as Takahashi et al. (2009) smoothing (compared to reality) is determined by horizontal resolution (Ciais et al., 2010) . Considering this, GEOS-Chem at 156 0.5° (latitude) x 0.666° (longitude) horizontal resolution, the nested grid model in China, was taken for the CO 2 simulation 157 with boundary conditions provided by the global model at 2° (latitude) x 2.5° (longitude) resolution. We made a restart file 158 larger in CHRED than in ODIAC, as shown in Fig. 3 , and this difference tends to be large in the eastern part of our study 167 area. In addition, the difference in their total emissions, 10.38 Pg CO 2 (CHRED) to 9.64 Pg CO 2 (ODIAC), is not small. 168 ODIAC is also found to exhibit an overestimation of emissions in large cities compared to CHRED. 169 
172
For each 1°x1° grid, the corresponding annual CO 2 emissions in the years from 2009 to 2012 were allocated by the ratio 173 of emissions in CHRED to that in ODIAC in 2012. We acquired the new input inventory of CO 2 emissions, CHRED, by 174 scaling the obtained yearly emissions with the ratio of monthly emissions to the yearly ones in ODIAC. In this way, we have 175 altered the spatial and temporal distribution, but not at temporal scales finer than monthly. This is expected to be an 176 improvement upon the current ODIAC emission values. 177
The annually averaged XCO 2 driven by both CHRED and ODIAC are calculated and shown in Fig. 4 . The impact of 178 emission deviations of CHRED from ODIAC is significant, with an average XCO 2 increase of 0.7 ppm over China. There 179 are also obvious differences in spatial patterns, especially in Northwest China, Northeast China, North China and South 180
China. Modeling CO 2 from CHRED increases values up to 0.7 ppm in most parts east of 100°E with a maximum at 1.4 181 ppm compared to that from ODIAC. The increase in the annual mean, which should not be ignored, is approximately 1 ppm 182 east of 110°E in the latitude zone of 37°N~ 42°N. Modeling the XCO 2 data set from CHRED is used to compare with 183 satellite-retrieved XCO 2 in our following experiment. 
Comparisons with GEOS-Chem simulations 198
We used the nested GEOS-Chem simulation XCO 2 as a baseline to quantify the regional consistency of the five algorithms. Table 2 shows the biases and number of samples used between each algorithm and GEOS-Chem in each cell. It can be 217 seen that the biases relative to GEOS-Chem in all cells are below 1 ppm for ACOS, SRFP and EMMA, which implies better 218 consistency with GEOS-Chem regionally than NIES and OCFP. NIES presents values 1.2-3.1 ppm lower than GEOS-Chem 219 in all cells excluding the cell of 115°E, which is because no corrections were implemented to reduce the existing systematic 220 biases in the NIES data set (Yoshida et al., 2013) . The bias of OCFP relative to GEOS-Chem is larger than 1.2 ppm toward 221 the west of 110°E, while it is 0.1 ppm toward the east of 110°E. The standard deviations of the five algorithms with GEOS-222 
Pairwise comparisons of XCO 2 between algorithms 227
We made comparisons of geometric and timely matching pairs XCO 2 between algorithms in each cell. The pairs of XCO 2 228 retrievals were matched between two algorithms timely in the same day, geometrically located within ±0.01° in latitude and 229 longitude. Figure 6 shows pairwise comparisons of XCO 2 retrievals between two algorithms that demonstrate the regression 230 slope (a), the coefficient of determination (R 2 ), the correlation coefficient (r), the number of matching pairs (n) and the biases 231 between every pair of algorithms. 232
It can be seen from for a value of 0.1 ppm compared to NIES. EMMA vs. ACOS and EMMA vs. SRFP present better agreement, with a 236 coefficient of determination greater than 0.87, as EMMA integrates products from seven individual algorithms [Reuter et al., 237 2013] , and the fractions in our study area are 36.7%, 30% and less than 18% from SRFP, ACOS and others, respectively. 238
It can also be seen from the colored points in 
247
The differences(biases) of matching pairs (the number ranging from 11 to 945) of XCO 2 between two algorithms, 248 moreover, were calculated for each cell as shown in Table 3 , and the totally averaged absolute differences of matching pairs 249 of XCO 2 for an algorithm with the other algorithms were also calculated in each cell as shown in Table 4 . 250
It can be found from Table 3 that the difference is mostly less than 1 ppm in those eastern cells with a longitude greater 251 than 105°E , and their consistency can be seen in Fig. 6 (red points between 110-120°E) as well. The differences that are 252 larger than 2 ppm are located in western cells with longitudes less than 105°E , and these differences are mostly shown in 253 OCFP vs. other algorithms. The total differences shown in Table 4 , moreover, indicate that the differences of the five 254 We used a combination of sine and cosine trigonometric functions to statistically fit the seasonal variation of XCO 2 , which 268 was originally proposed by Keeling et al. (1976) and has been applied extensively in many studies (Thoning et al. 1989; 269 Kulawik et al., 2016; Lindqvist et al., 2015; Zeng et al., 2016; He et al., 2017) . Better attributions are thus obtained for XCO 2 270 variation in the seasonal cycle and in spatial background patterns by filtering the noise and filling gaps in the original XCO 2 271 data. 272
First, the monthly averaged XCO 2 was calculated in each cell using XCO 2 retrievals; then, the fit function (Keeling, 273 1976) , expressed as the following equation state of XCO 2 with seasonal variation removed, which can be regarded as the corresponding background concentration, and 278 A 6 is the slope of the linear part in the yearly increase ignoring the minor non-linear part. To derive A 1 -A 6 with the above 279 formula, least squares were applied to fit the input monthly weighted means with the corresponding standard deviations as 280 measures of errors. The monthly weighted means (e.g., X (t)) and the corresponding standard deviations in each cell were 281 calculated with the weights inversely proportional to the square of retrieval uncertainty in each observation point. 282
The accuracy of fitting X(t) depends on the number of gaps in the available XCO 2 retrievals in time and in space 283 resulting from the filtering mechanism for quality controlling. We introduce the Pearson's correlation, hereafter referred to 284 as R, between the input and the predicted results from equation [1] and the unit weight mean square error hereafter referred 285 to as σ, in fitting as an uncertainty to judge whether the fitting results are reasonable or not. In addition, we applied equation 286
[1] to the GEOS-Chem dataset. Since atmospheric transport models do not share the same error sources with satellite-287 retrieved algorithms and without data gaps, GEOS-Chem provides helpful a priori information for reference. 288
Seasonal variation of XCO 2 retrievals 289
The time series in each cell are acquired for each algorithm with the above formula [1]. The monthly fitted XCO 2 from 290 March 2010 to February 2013 in each cell for five algorithms as well as GEOS-Chem is shown in Fig. 7 . The seasonal 291 amplitudes (the difference between seasonal cycle maximums and minimums) and uncertainty of the fitting function as 292 described by R and σ above are demonstrated in Table 5 . 293 Viewing the attribution of XCO 2 in each cell from Fig. 7 and Table 5 , we can generally find that the seasonal variations 304 from all XCO 2 retrievals show similar changing trends, except for one extra seasonal cycle maximum being misidentified in 305 some cases mainly due to weaker data constraints for fitting. The timely changing patterns (seasonal cycle phases) of all 306 algorithms demonstrate better agreement in the eastern four cells from 100°E to 115°E than those in the western four cells 307 from 80°E to 95°E.. The correlation coefficients of fitting XCO 2 in Table 5 are also significantly greater in the eastern four 308 cells than those in the western four cells. As a result, the longitude 100°E tends to be a regional border presenting better 309 consistency of XCO 2 among the five algorithms in its eastern cells than those in western cells. Comparing the five algorithms with GEOS-Chem, one specific result is presented in the eastern-most two cells from 311 110°E to 120°E, in which the seasonal amplitudes of XCO 2 are significantly higher from the five algorithms while the 312 magnitudes of XCO 2 in summer are lower than those from GEOS-Chem as shown in Table 5 and Fig. 7 . There is strong CO2 313 absorption from farming activities of wheat and corn in the summer (Lei et al., 2010) and anthropogenic CO 2 emission from 314 extra winter heating in these eastern cells. This result is in agreement with an investigation of results in the whole Chinese 315 mainland (Lei et al., 2014) and at 120-180°E over the globe (Lindqvist et al., 2015) , which is likely due to the 316 underestimated widespread bio-ecological CO 2 uptake changes that occurred over the past 50 years in atmospheric transport 317 models (Graven et al., 2013) . 318
The XCO 2 values from NIES (blue in Fig. 7 ) are overall lower than those from the other algorithms, which is due to the 319 uncorrected systematic errors -1.2 ppm (refer to Table 1 ). The seasonal variations from OCFP (magenta in Fig. 7 ) are of the 320 overall seasonal changing trend of XCO 2 in cells west of 100°E. The seasonal amplitudes of OCFP presented in Table 5 , 321 moreover, are abnormally the lowest in a cell (85-90°E) and the highest in a cell (105-110°E). SRFP and NIES show two 322 abnormal peaks in a cycle of a year in the cell of 95°E, while some great values of σ and small values of R, shown in bold in 323 Table 5 , indicate poor fitting mostly in the same cell (95-110°E). These results are likely induced by large gaps in the 324 available XCO 2 data in time series, which produces a poor fitting constraint. 325
Spatio-temporal pattern of detrended XCO 2 326
We calculated the seasonal averages of the XCO 2 background concentration in each cell after removing the linear yearly 327 increase using the fitting time series of XCO 2 for the five algorithms and GEOS-Chem. The spatio-temporal continuous 328 pattern of background XCO 2 was mapped by Linearly Interpolate Triangulation (Watson et al., 1984) using the seasonal 329 averages of XCO 2 background concentration in each cell for five algorithms and GEOS-Chem, as shown in Fig. 8 (on the  330 left). The spatio-temporal patterns of the differences in XCO 2 between the five algorithms and GEOS-Chem were mapped 331 and are also shown in Fig. 8 (on the right) . show a similar spatio-temporal pattern where the lowest value is not the center. Two common characteristics of XCO 2 341 spatio-temporal changes from five algorithms and GEOS-Chem can also be found: (1) the seasonal changes of XCO 2 are the 342 same in any spatial cells, with lower XCO 2 in summer and autumn than that in spring and winter; and (2) spatial changes of 343 XCO 2 generally demonstrate larger XCO 2 in the eastern cells than those in the western cells in any season. 344
Compared to those of GEOS-Chem, the spatio-temporal differences of ACOS and SRFP generally demonstrate the 345 smallest values mostly ranging from -1 ppm to 1 ppm. XCO 2 values from both NIES and OCFP are lower than GEOS-Chem 346 in space and time, while the XCO 2 difference from GEOS-Chem is mostly 1-3 ppm for NIES and 2 ppm for OCFP. As a 347 combination of products including the other four algorithms, EMMA demonstrates the largest difference with GEOS-Chem 348 in most of the western cells in all four seasons where the difference is mostly less than 1 ppm. 349
To summarize the quantification and analysis in this section, the spatio-temporal pattern of ACOS tends to be 350 inconsistent with SRFP. Figure 8 shows two common characteristics among ACOS, NIES, SRFP and EMMA: (1) XCO 2 is 351 lower in summer and autumn but higher in spring and winter. (2) XCO 2 is higher west of 90°E and east of 110°E, while it is 352 lower in cells 90°E-110°E. In addition, XCO 2 values from NIES and OCFP are lower than those from other algorithms, 353 especially in summer and autumn. A similarly high level is captured by ACOS, EMMA, NIES and SRFP generally in the 354 western deserts with lower CO 2 emissions compared to the east, which has abundant emissions. This is distinct from ACOS 355 and EMMA, while OCFP and GEOS-Chem both show an increasing trend from west to east in any season. 
Discussion 357
In this section, an investigation was made into the most likely attribution of regional inconsistency, i.e., aerosols and albedo, 358
and an additional evaluation was made of the latest released ACOS V7.3, the newer version of ACOS data retrieved by the 359 OCO-2 algorithm. 360
Discussion of albedo and aerosol effects for XCO 2 retrieval 361
The above quantification and analyses indicate that generally good agreements are achieved among the five data sets in 362 the eastern cells, while four out of five GOSAT-XCO 2 data sets present abnormal high concentrations in the western cells. It 363 has been known that aerosols are the most important factor inducing errors in satellite-retrieved XCO 2 (Guerlet et al., 2013; 364 Oshchepkov et al., 2013; Yoshida et al., 2013; O'Dell et al., 2012) , while Aerosol Optical Depth (AOD) is greatly affected 365 by high surface albedo because of the optical lengthening effect. For that reason, we investigate the spatial and temporal 366 characteristics of aerosols and albedo in our study latitude band to probe the reason why high inconsistency of XCO 2 367 retrieval algorithms appears in western cells rather than in eastern cells with intensive human activities. 368
We collected MISR aerosol products (AOD at 555 nm) and GLASS albedo products. The spatial and temporal 369 characteristics of albedo and AOD with seasons in the study area are revealed as shown in Fig. 9 , in which they are mapped 370 by the same method as Fig. 8 . The seasonal mean AOD and albedo were calculated in spring (MAM), summer (JJA), autumn 371 (SON), and winter (DJF) using the monthly mean AOD and black sky shortwave albedo from January 2010 to December 372 2012 for every cell. 373 374 
376
Albedo shows little temporal variation with a decreasing trend from west to east as shown in Fig. 9 . In contrast with 377 albedo, AOD follows a clear seasonal pattern of a higher level in spring and summer than in autumn and winter. The uplift of 378 AOD in spring and summer is due to the higher frequency of Asian sand and dust storms for cells west of 105°E. The main 379 contributors to aerosol loading east of 110°E are emissions from urban fugitive dust/fly ash, dust plumes from deserts in the 380 western and northern China such as the Taklimakan deserts, industrial activities and residential heating (Zhang et al., 2012) . The inconsistency of XCO 2 from the five algorithms tends to be higher in spring and summer than in autumn and winter 382 in the Taklimakan Deserts in western cells, which is likely the combined effect of high aerosol and high brightness surface 383 (high albedo) on retrieval uncertainty. 384
From the above quantification and analysis, the pairwise differences between OCFP and other algorithms are 1 ppm 385 higher west of 105°E than east of that, with a difference of 1.6 ppm over the whole study area. The obvious regional 386 characteristic probably relates to the assumption of a cirrus profile according to latitude (GHG-CCI group at University of 387 Leicester, 2014) , which is unlikely to be reasonable in our study area. There exists a large amount of high clouds over the 388 Tibetan Plateau (Chen et al., 2005) , which is located south of the study cells of 80°E to 105°E. The humidity and 389 atmospheric structure are mainly affected by the Tibetan Plateau, and there is a large difference in the cirrus profile between 390 the western cells and the eastern cells over our study area (Wang et al., 2012) , which indicates that a uniform profile by 391 latitude will inevitably introduce errors. 392
The pairwise difference between NIES and other algorithms is 1.6 ppm on average, which is distinct among the 393 algorithms. Considering the complicated geographic environment in the study area, this distinct difference is likely related to 394 the presumptions of NIES in aerosol profiles and properties from an aerosol transport model (Table 1) , by which cirrus 395 clouds are ignored and little information from observations is used in the retrieving process. Values from EMMA are found 396 to be abnormally large in spring and winter in the western cells from the spatio-temporal patterns (Fig. 8) , which is not 397 exactly the same as with the other algorithms. Since data in EMMA are a combination of retrievals from multiple algorithms, 398 it may indicate the uncertainty in all algorithms under the circumstance of high albedo and AOD. 399
With the satellite-observed spectrum used for water and clouds, ACOS sets the initial aerosol types and AOD based on 400 a priori information. On the other hand, SRFP handles aerosol based on the property of number, size and height. Both of the 401 above two mechanisms function well since ACOS and SRFP are generally demonstrated to provide relatively better 402
performance. 403
Noticing that all algorithms differ in simulating scattering in the atmosphere, such as in the aerosol models, the 404 influence of scattering on retrieved XCO 2 is too significant to be ignored. Since it is possible for products from different 405 algorithms to agree with each other, there is no denying that satellite XCO 2 retrievals have the potential to provide more 406 accurate XCO 2 data. Optimization in the handling of aerosol scattering will improve the precision and accuracy of satellite 407 XCO 2 retrievals. 408
Additional evaluation of the latest released ACOS V7.3 409
The ACOS/OCO-2 research team released the latest version of the ACOS data ACOS V7.3 during the implementation and 410 completion of this study. We add the cross-comparisons of this version of the data set and other data sets including GEOS-411
Chem, ACOS V3.5, NIES V02.XX, OCFP 6.0, SRFP V2.3.7 and EMMA V2.1.c in this section. ACOS V7.3 was created by 412 applying the XCO 2 retrieval algorithms of OCO-2 to GOSAT. Within the algorithm code of ACOS V3.5, the OCO-2 413 algorithm generating ACOS V7.3 data makes some changes in parameter settings, such as the surface pressure a priori 414 Atmos. Meas. Tech. Discuss., https://doi.org/10.5194/amt-2017-237 Manuscript under review for journal Atmos. Meas. Tech. Table 6 . Generally, 424 ACOS V7.3 is in good agreement with all of them, which is reflected by correlation coefficients r that are above 0.85 and 425 greater than others, as shown in Table 6 . The biggest differences up to 3.0 ppm for ACOS V7.3 are found from NIES and 426 OCFP in deserts cells, whereas differences from SRFP and EMMA are mostly within 1.0 ppm. This is similar to ACOS V3.5. 427
The total absolute difference from other algorithms (not including ACOS V3.5) is within 1.0 ppm in cells east of 110°E but 428 above 2.0 ppm in cells west of 90°E. It can also be found from Table 6 
442

Conclusion 443
Although TCCON has been widely accepted as the standard for validation of satellite-based XCO 2 data, it is necessary 444 to better understand the performance of XCO 2 in spatial and timely variations at a regional scale and especially for those 445 regions where ground-based measurements of XCO 2 are not available, such as for the TCCON stations in China. We 446 implement the quantification and assessment of the agreement of multiple algorithms for typical regions with various land 447 covers and enhancement of anthropogenic CO 2 emissions including the megacity of Beijing from 80°E to 120°E in the same 448 latitude band of 40°N to get better knowledge of the regional uncertainty and performance of GOSAT XCO 2 retrievals in 449
China. Regional performance of XCO 2 products from six algorithms (ACOS, NIES, OCFP, SRFP, EMMA, OCO-2) as well 450 as GEOS-Chem simulated XCO 2 are probed to obtain the regional uncertainty and attributions of GOSAT XCO 2 retrievals. 451
In particular, we apply simulated XCO 2 at a high spatial resolution of 0.5° (latitude) x 0.666° (longitude) for a nested grid 452 obtained by GEOS-Chem to assess the regional uncertainty of XCO 2 derived from satellite observations in China. In 453 connection with the inconsistency of algorithms in eight cells, the characteristics of aerosol and albedo are investigated to 454
Summarizing the performance of five algorithms (ACOS, NIES, OCFP, SRFP and EMMA) in each cell based on the 456 above quantification and analysis from comparisons with GEOS-Chem, pairwise differences between algorithms and 457 agreement in time series among algorithms, we can obtain the following results in general: (1)The consistency among 458 algorithms is better in the east than in the west as the absolute difference from pairwise comparisons presents values of 0.9-459 1.5 ppm in eastern cells covered by grassland, cropland and built-up areas and values of 1.2-2.2 ppm in western cells covered 460 by desert with a high-brightness surface;（2）ACOS and SRFP are more satisfying in characterizing spatio-temporal 461 patterns than other algorithms. To conclude, Table 7 presents the regional characteristics and a summary of the results above. 462 Less Consistency (mean absolute differences 1.2-2.2 ppm) The difference of OCFP is the greatest with most of the other algorithms (1.7-2.2 ppm); next is NIES (1.6-2.2 ppm).
Good consistency (mean absolute differences 0.9-1.5 ppm) ACOS is relatively the least (0.9-1.1 ppm) Regional Summary compared to GEOS-Chem Large biases, of which NIES is the greatest (1.4-3.1 ppm) and next is OCFP (1.2-2.2 ppm) lesser biases (0.0-0.5 ppm) excluding NIES Similar in seasonal amplitude; Seasonal amplitude from GEOS-Chem is lower than all of satellite retrieval algorithms. Regional pairwise comparisons of ACOS V7.3
Greater biases are presented with OCFP (1.5-3.4 ppm) and NIES (1.2-3.2 ppm)
Lesser biases (0.0-0.5 ppm) excluding NIES General differences compared to GEOS-Chem ACOS presents lowest values (bias -0.1 ppm Std *3 1.9 ppm), next is SRFP (bias -0.2 ppm Std 2.2 ppm) NIES presents the greatest (bias -2.0 ppm, Std 2.2 ppm).
Spatio-temporal patterns of XCO 2 compared to GEOS-Chem ACOS and SRFP are similar to GEOS-Chem. OCFP is in better agreement with GEOS-Chem but the bias is larger.
The results, indicating that the discrepancies among algorithms are the smallest in eastern cells, which are the strongest 468 anthropogenic emitting source regions in China, implies that the uncertainty of XCO 2 is likely low in this area, which will be 469 sufficiently rigorous for us to apply it to GOSAT XCO 2 in assessment of anthropogenic emissions. Moreover, it was likely 470 that uncertainty in satellite-retrieved XCO 2 is attributed to the combined effects of aerosol and albedo. The large uncertainty 471 of XCO 2 must be improved further, even though many algorithms have endeavored to minimize the effects of aerosol and 472 albedo. With the launch of OCO-2 in 2014 and GOSAT-2 scheduled for 2018, the prospect of a large amount of useful 473 retrieved XCO 2 products is promising. Since low regional XCO 2 biases are necessary for accurately estimating regional 474 carbon sources and sinks, regional uncertainty should be paid more attention in the future. 
